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Characterization of Leaf Essential Oil Composition of Homozygous and
Heterozygous Citrus clementina Hort. Extan. and its Ancestors
Maria Antonietta Germanà , Eristanna Palazzolo, Benedetta Chiancone, Filippo Saiano*
Dip. SAF, Università degli Studi Palermo. Viale delle Scienze ed 4 - 90128 Palermo, Italy
Abstract: Clementine is a natural tangor, resulting from an interspecific cross between mandarin and
sweet orange. Gametic embryogenesis, allowing the single-step development of complete homozygous line
from the heterozygous parents, increases the efficiency of perennial crop breeding programs. Tri-haploids
have been regenerated through pollen embryogenesis (specifically, by anther culture) of Citrus clementina
Hort. ex Tan., cv. Nules. Two of them (HOMO1 and HOMO2) have been acclimatized and grafted in vivo in
2000. Research regarding the chemical characteristics of plant regenerated by pollen embryogenesis or
gynogenesis are useful to study the “gametoclonal variation”, as well as for further application of haploidy
technology in Citrus breeding. For these reasons and with the aim to characterize these homozygous clementine
genotypes, in this study leaf essential oils were extracted by Clevenger apparatus and their chemical composition
was investigated by capillary GC-MS, comparing them with oils obtained from the heterozygous plant and
from its ancestors (clementine is a hybrid between sweet orange and mandarin). The obtained oil compositions,
submitted to a statistical analysis, are partitioned into groups using principal components analysis (PCA) and,
compared to those of both parents, distinguished in three major chemotypes sabinene/linalool, γ-terpinene and
methyl N-methylanthranilate.
Key words: Citrus clementina Hort. ex Tan., GC-MS analysis, essential oils, pollen
embryogenesis.
Introduction
Clementine is of great importance in the
Mediterranean citrus industry. Regarding its
origin, clementine results to be a natural tangor,
and the Webber’s hypothesis on the interspecific
cross between mandarin and sweet orange, is
supported by results obtained using molecular
markers 3,18. Haploid technology, making possible
through gametic embryogenesis the single-step
development of complete homozygous lines from
heterozygous parents, is a particularly interesting
breeding method. Haploids, plants with a
gametophytic set of chromosomes in the sporo-
phyte, and homozygous doubled haploids (DHs)
are important in the fields of genetic and develop-
mental studies, as well as for plant breeding. In
fact, they have a potential use in mutation
research, selection, genetic analysis, transfor-
mation and in the production of homozygous
genotypes 11,12. Particularly in woody plants,
generally characterized by a long reproductive
cycle, a high degree of heterozygosity, large size
and, sometimes, self-incompatibility, it is not
possible to obtain homozygous breeding lines
through conventional methods involving several
generations of selfing and homozygous DHs
produced through gametic embryogenesis,
provide new opportunities for genetic studies and
plant breeding 9-11. Considerable research has been
carried out since the 1970s to obtain haploids for
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fruit tree breeding through gametic
embryogenesis, but they were not always
successful 9,10,19. Many haploids and DHs are
under observations in many fruit tree crops such
as citrus, apple, papaya and peach, but it takes
considerable time to characterize them
7,8,13,20,21,22,25,26. Often in vitro regenerated plants
show differences in their morphological and
biochemical characteristics, as well in
chromosome number and structures. Particularly,
tri-haploids have been regenerated through pollen
embryogenesis (specifically, by anther culture) of
Citrus clementina Hort. ex Tan., cv. Nules 8. Two
of them, (HOMO1 and HOMO2), have been
acclimatized and grafted in vivo in 2000.
In this study, the composition of the essential
oils, extracted by Clevenger apparatus, from the
leaves of pollen-derived homozygous plants
compared with those obtained from the
heterozygous clementine and from its ancestors,
sweet orange and mandarin, has been investigated
with the purpose of obtaining information on the
“gametoclonal variation”, that is the variation
produced through the gametic embryogenesis
process.
Materials and methods
Plant material
Young and healthy leaves were collected from
two tri-haploid plants (HOMO1 and HOMO2) of
Citrus clementina Hort. ex Tan, cv. Nules, from
one Clementine heterozygous plant (HETERO,
the genotype that provided the flowers for the
pollen embryogenesis experiment), and from the
two clementine ancestors: sweet orange (cvs.
Bonanza and Salustiana) and mandarin (cvs.
Avana and Mandarino Tardivo di Ciaculli, MTC).
The homozygous plants object of study have been
obtained through pollen embryogenesis
(particularly by anther culture) of Citrus
clementina Hort. ex Tan, cv. Nules 6, and they
resulted, as most of regenerants evaluated (82 %
of 94 regenerants), triploids at the flow cytometry
analysis, other than homozygous through
microsatellite marker analyses 8. The tri-haploid
plants (HOMO1 and HOMO2), obtained in vitro
by anther culture, were acclimatized in vivo and
grafted in vivo in 2000, at the same time of the
heterozygous plant (HETERO). The clementine
plants (HOMO1, HOMO2 and HETERO) were
of the same age of grafting (8 years) and they
were grown in plastic pots. The clementine
ancestors (sweet oranges and mandarins) were
mature and older plants, cultivated in the soil. All
the seven genotypes were cultivated in the same
place under the identical environmental and
cultivation conditions.
Leaf oils extraction
For each genotype, about 100 g of leaves were
collected in spring around the canopy, early in
the morning and with dry weather. Fresh leaves
were subjected to hydrodistillation for 3 h using
a Clevenger-type apparatus collecting the oil in
hexane. Because the extraction conditions were
identical for all samples, the influence of technical
parameters on the chemical composition of
essential oils were considered negligible 15,16,23,24.
GC-MS analyses
An Agilent 6890 gas chromatograph instrument,
equipped with the mass spectrometer detector
Agilent 5975 B was used for the chromatographic
analyses. A fused silica capillary column SLB-
5MS (length 30 m, internal diameter 0.25 mm,
0.25 μm film thickness of silphenylene polymer
equivalent in polarity to poly-5 % diphenyl / 95
% dimethyl siloxane phase) from Supelco, Italy,
was the stationary phase. The injector in splitless
mode had a temperature of 250°C. Experimental
chromatographic conditions were as follows:
Helium carrier gas at 1 ml/min; oven temperature
program: 5 min isotherm at 40°C followed by a
linear temperature increase of 4°C min-1 up to
200°C held for 2 min. MS scan conditions were:
ionization technique, electronic impact (EI) at 70
eV, source temperature 230°C, interface
temperature 280°C, mass scan range 33-350 m/z.
The sample injected 1/50 diluted in pentane was
1 ml. For quantitative results each sample was
analyzed in GC-FID 2,23. The instrumental condi-
tions for the gas chromatograph were the same as
above reported. The FID detector was set at 250°C
and 1ml of neat oil was injected. The quantitative
composition was obtained by peak area
normalization, the response factor for each
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component was considered equal to 1 and three
replicates of each sample were made. Internal
standard was undecane.
Identification of the individual components was
based (i) on comparison of their GC retention
indices (RI), determined relatively to the retention
time of a series of n-alkanes with linear
interpolation, with those of authentic compounds,
(ii) on computer matching with mass spectral
libraries (NIST 05) and (iii) comparison with
spectra of authentic samples or literature data 1.
Data analyses
Data were processed by cluster analysis using
hierarchical clustering (Ward’s technique and
Euclidean distance measure) and were submitted
to factor analysis for principal components. These
processing were performed with the SPSS
software (SPSS inc.).
Results and Discussion
Leaf oil composition of all seven genotypes with
component amount > 0.1 % is reported in Table
1, according their increasing retention index
(Linear Retention Index, L.R.I.).
The total of seventy-eight identified
components accounted for 97.0-99.6 % of the oils.
A great variability in the amount of sabinene (tr-
36.8 %), γ-terpinene (tr-10.4 %), methyl N-
methylanthranilate (tr-92.2 %) and linalool (0.1-
21.8 %), terpinen-4-olo (0.1-10.4 %) and one
acyclic oxygenated sesquiterpene α-sinensal (tr-
25.9 %) has been observed. α-pinene (tr-1.2 %),
limonene (tr-4.2 %) and caryophyllene oxide (0.1-
9.3 %) were found at a moderate concentration in
most of the oils. The compound methyl N-
methylanthranilate represents more than 80 % of
the volatile compounds in the two mandarin
leaves, while it was absent in the leaves of sweet
orange and in the HETERO leaves. Thus, the
natural hybridization of a mandarin with orange
resulted in a drastic reduction of the content of
this component in HETERO leaves, as well as in
leaves of HOMO1 and HOMO2, regenerated by
pollen embryogenesis of HETERO. Aldehydes
(citronellal, neral, and geranial), alcohols
(citronellol, nerol, geraniol, and terpinene-4-ol),
acetyl esters of citronellol, nerol, and geraniol
were absent in the ancestor mandarins, except for
slight amount of linalool and α-terpineol, while
in sweet orange ancestors these compounds were
all present in higher amount. Differently, the
amount of linalool in HETERO, HOMO1 and
HOMO2 resulted higher than in oranges and much
higher than in the two mandarins, where the
linalool was present only in traces. Overall
considering oxygenated monoterpene, the
clementine HETERO as well as HOMO1 and
HOMO2 resulted more similar to the two sweet
oranges (Tab.1). α-Sinensal, a sesquiterpene
aldehyde detected in the leaves of sweet oranges,
but absent in mandarin, was found in the hybrid
HETERO, at lower levels in HOMO1, but
overproduced in HOMO2. Sabinene, the major
monoterpene of the ancestor sweet orange that is
present only in traces in mandarins, decreased in
the HETERO. On the contrary, it showed a very
high content in HOMO1 regenerant, while in
HOMO2 was present in traces as well as in
mandarins. Compared to the mandarins, the
production of γ-terpinene was found to be greatly
lower in HETERO, as well as in HOMO1 so
resembling sweet oranges. However, for the entire
class of monoterpene hydrocarbons, as such as
for oxygenated sesquiterpene, HOMO1 and
HETERO showed their similitude with sweet
orange while HOMO2 did not resemble none of
its parents. In conclusion, the essential oils of the
seven genotypes appear mainly distinguished with
respect to the relative percentage contents of
methyl N-methylanthranilate, α-sinensal and
sabinene. By the cluster analysis, the existence
of two principal clusters has been evidenced and
the dendrogram, reported in Fig. 1, and factor
analysis, reported in Fig. 2, confirmed this
distinction.
Cluster I: Methyl N-methylanthranilate
chemotype
The two mandarins Tardivo di Ciaculli and
Avana, which belong to this chemotype, define
clearly cluster I. As reported by Dugo and Di
Giacomo 4, their oil composition was dominated
by methyl N-methylanthranilate (>80 %) with
appreciable amounts of γ-terpinene (10.4 and 4.3
%), limonene (3.6 and 1 %) and p-cymene (1.6
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Figure 1. Dendrogram obtained from the cluster analysis of the seven Citrus genotypes leaf oils.
Samples are clustered using Ward’s technique with a squared Euclidean distance measure
Figure 2. 3D load plot. Distribution of the seven Citrus
genotypes leaf oils, according to the three principal components
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and 0.6 %). The other compounds altogether
contribute for a 5 % (Table 1). This chemotype
represent the 51% of total variability detected.
Cluster II: α -sinensal/sabinene chemotype
Oils obtained from leaves of HETERO,
Bonanza, Salustiana, HOMO1 and HOMO2
belong to this chemotype (cluster II). Moreover,
this cluster can be divided into two subgroups on
the basis of α-sinensal and sabinene amounts. The
first subgroup (IIA), to which belonged HOMO1,
Bonanza, Salustiana and HETERO oils, showed
for the first three genotypes, sabinene as the main
component (respectively 36.8, 16.3 and 30.6 %)
and a lower content of linalool (21.2, 8.7 and 10.6
%). On the contrary in the HETERO oil, linalool
was the main component (21.8 %), together with
sabinene (12.8 %). HOMO2 oil belongs to the
second subgroup (IIB), characterized by a high
content of α-sinensal (25.9 %) and linalool (19.9
%), whereas the content of sabinene was below
the 0.1 %. The two subgroups I and II represent
respectively the 28 and 14 % of total variability
detected.
Differences in the amount of minor compounds
Terpinen-4-ol was present at an appreciable
content in the II cluster, whereas it was almost
absent (0.1 %) in the cluster I. Moreover, myrcene
content (2.0-2.6 %) and (E)-β-ocimene (1.5-7.5
%) was appreciable in the subgroup IIA and was
very low (0.1-0.6 %) in the two others (IIB and
I). Lastly, the content of α-terpineol and (E)-
caryophyllene accounted for 0.7-3.4 % and 1.2-
5.9 % respectively, in the cluster II, while these
compounds were absent in the cluster I.
The differences observed between HOMO1 and
HOMO2 can be explained because the two new
genotypes have been produced through two
different regeneration processes starting from
different microspores (contained in diverse in vitro
cultured anthers), that, resulting from both meiotic
division, can show a large variation. In fact,
‘‘gametoclonal variation’’, that is the variation
observed among plants regenerated from cultured
gametic cells and consisting in genetic
(chromosome number and structures),
morphological, and biochemical differences 5,17,
is different from ‘‘somaclonal variation’’, that is
due only to the in vitro plant regeneration
procedure from cultured cells or tissue 14.
Conclusions
In our knowledge, this is the first time that
results regarding the chemical characteristics of
leaf essential oils extracted from homozygous
clementine plants, from the heterozygous mother
plant and from its ancestors (mandarins and sweet
oranges), have been reported.
Because the samples of all the genotypes have
been collected from plants growing under the
same environmental and cultural conditions and
because experimental protocols (leaf oils extrac-
tion and analyses) were the same, quantitative and
qualitative differences in the essential oil
compositions can be attribute to the genetic basis.
Phytochemical compounds resulted useful to
characterize homozygous clementine in
comparison with the heterozygous mother plant
and with its ancestors (mandarins and oranges).
Particularly, quali-quantitative analysis of the
essential oils showed as HOMO1 has more
similarities with HETERO and sweet orange than
HOMO2 which is different regarding the α-
sinensal content and the entire classes of
monoterpene hydrocarbon and oxygenated
sesquiterpene. Beside, HETERO, HOMO1 and
HOMO2 plants are completely different from
mandarin ancestor for the content of its principal
component methyl-anthranylate. The single-step
development of complete homozygous lines from
heterozygous parents obtained through gametic
embryogenesis, makes feasible and shortens the
time required to produce completely homozygous
lines compared to conventional breeding. Results
obtained in this research are interesting, not only
to deep the knowledge of the mechanism through
which the essential oils metabolic pathways are
transmitted during the meiosis process, because
of the particular method (pollen embryogenesis)
of producing homozygous plants, but also to study
the “gametoclonal variation”, for further useful
applications of haploidy technology in Citrus and
fruit crop breeding.
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